A novel, aerobic, psychrotolerant, Gram-stain-positive, endospore-forming strain, NHI-2 T , was isolated from oil-contaminated soil near a gas station in Mongolia. This strain was characterized by motile rods and grew over a wide range of temperatures (22 to 40 8C) with optimal growth at 28-30 8C. It tolerated salt concentrations of up to 7 % over a five-day incubation period. Analysis of 16S rRNA gene sequence indicated that strain NHI-2 T belongs to the genus
C 15 : 0 (51.0 %), iso-C 15 : 0 (9.1 %) and anteiso-C 17 : 0 (8.0 %). The major polar lipids were phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylglycerol. These data highlight that the phenotype of strain NHI-2 T differs from that of related species in terms of chemotaxonomic properties and genotype characteristics. Therefore, this strain is proposed as a representative of a novel species, named Psychrobacillus soli. Microbial enhanced oil recovery (MEOR) is an efficient tertiary oil recovery technology and a potential alternative to chemical enhanced oil recovery if the latter proves to be economically unattractive. In MEOR, microbial metabolites and activities remove oil by using it as a source of energy and carbon, generating products with low toxicity (Gudina et al., 2012) . In recent studies, a number of species of the genus Bacillus, such as Bacillus subtilis, Bacillus pumilus and Bacillus megaterium, were isolated from oil-contaminated soil and then characterized by their capacity to degrade oil and produce surfactants (Darsa et al., 2014; Gudiña et al., 2013; Khan & Asthana, 2011; Nwaogu et al., 2008; Ouoba et al., 2003; Pereira et al., 2013; Yan et al., 2013) . Bacillus insolitus DSM 5 T was found by Larkin & Stokes (1967) to be a psychrotolerant strain of the genus Bacillus; two other psychrotolerant strains, namely Bacillus psychrotolerans 3H1 T and Bacillus psychrodurans 68E3 T , were found by Abd . However, the taxonomy of these three strains was re-examined using a polyphasic approach and found to be different from that of related genera, based on factors such as chemotaxonomic characteristics and ribotype patterns. As a result, they were reclassified into another genus named Psychrobacillus (Krishnamurthi et al., 2010) . A fourth strain, NHI-2 T , has since been demonstrated to belong to this genus; this strain was isolated from oil-contaminated soil in Mongolia in August using 6-polycarbonate transwell plates (Pham & Kim, 2014) . Besides the unique characteristics that identify it as a possible new strain, it also shows a capacity for oil degradation. Consequently, this strain may have potential for environmental applications.
After collection in Mongolia in August, soil samples were processed at Kyonggi University in South Korea. Debris was removed using a 2 mm mesh sieve. Cultivation of bacteria was performed using 6-polycarbonate transwell plates with a variety of media, as previously described (Pham & Kim, 2014) . Three grams of fresh soil was placed in the bottom of the plate, and 3 ml Luria-Bertani (LB) broth plus 100 ml of soil suspension (made by suspending 1 g of fresh soil in 10 ml distilled water) was added as an inoculum in the insert with microporous membrane. Samples were then incubated at 28 8C for 2 weeks in a shaking incubator. A pure colony was isolated after incubating 100 ml serial dilutions spread on the same agar under the same conditions.
Gram staining of cells grown for 48 h on LB agar was performed following the method of Murray et al. (1994) with some modifications. To determine spore-forming capability, the strain was incubated in Schaeffer's medium [0.1 % KCl, 0.01 % MgCl 2 , 1.0 mM Ca(NO 3 ) 2 , 0.01 mM MnCl 2 , 0.001 mM FeSO 4 and 8 g nutrient broth per litre of distilled water] for 5 days of incubation (Kempf et al., 2005) . Cell morphology was measured under a light microscope (BX50 microscope; Olympus) at 6400 magnification after 3 days of incubation. Gliding motility was investigated using the hanging drop method. pH was adjusted from pH 4 to 11 (at intervals of one unit) using appropriate biological buffers in a basal LB medium (Breznak & Costilow, 1994) : citrate/Na 2 HPO 4 buffer (for pH 4.0-5.0), phosphate buffer (for pH 6.0-7.0), Tris buffer (for pH 8.0-9.0) and NaHCO 3 /NaOH buffer (for pH 10.0-11.0). These values were verified after autoclaving to ensure no changes were caused by the high temperature. Samples were grown for 5 days at multiple temperatures (4, 10, 15, 20, 30, 37, 40, 45, 50 and 55 8C) and multiple NaCl concentrations (between 0 and 10 %). Growth under anaerobic conditions was determined by incubating NHI-2 T on LB agar plates in the Oxoid AnaeroGen system under the same conditions as described above. Catalase, oxidase, caseinase and amylase activities were determined by bubble production in LB agar supplemented with 3 % (v/v) H 2 O 2 , 1 % (v/v) tetramethyl-phenylenediamine, 1 % (w/v) skimmed milk and 1 % (w/v) starch, respectively (Smibert & Krieg, 1994) . Hydrolysis of 0.5 % Tween 80 and degradation of 0.5 % L-tyrosine (Barrow & Feltham, 1993) , 0.4 % CM-cellulose (Rautela & Cowling, 1966) and aesculin (Swan, 1954) were tested via incubation on LB agar over a five-day period. API ZYM strips were used to determine the activities of constitutive enzymes. Carbon-source utilization analysis was performed with the API 20 NE and API 50 CH systems (bioMérieux).
Antibiotic-containing discs were applied to LB agar spread with 100 ml of bacterial culture and incubated for 5 days. Antibiotic discs included ampicillin (10 mg), chloramphenicol (30 mg), gentamicin (10 mg), kanamycin (30 mg), nalidixic acid (30 mg), novobiocin (30 mg), rifampicin (5 mg), penicillin G (10 mg), streptomycin (10 mg), tetracycline (30 mg), sulfamethoxazole (23.75 mg) plus trimethoprim (1.25 mg), and neomycin (30 mg). The effect of each antibiotic was scored by the diameter of the inhibition zone.
DNA extraction was carried out manually using a 1 : 1 (v/v) mixture of phenol and chloroform/isoamyl alcohol to precipitate and eliminate proteins and other phenolates (Moore et al., 2004) . After checking DNA purity by electrophoresis, DNA-DNA hybridization was carried out according to the method of Mehlen et al. (2004) . Photobiotin acetate was used to label the target DNA strain and salmon sperm DNA was used as a negative control. The degree of DNA-DNA binding was measured fluorometrically in microplate wells using a 1420 Multilabel Counter (Perkin Elmer) and expressed as a percentage. DNA G+C content was determined using HPLC as described by Tamaoka & Komagata (1984) and Mesbah et al. (1989) .
Genomic DNA used for determining the the 16S rRNA gene sequence was extracted using the method described by Moore et al. (2004) and the 16S rRNA gene was amplified by PCR using the universal bacterial primer set 27F and 1492R (Pham & Kim, 2014) . A multiscreen-filter plate (Millipore) was used to purify the PCR product, which was then sequenced using the primers 518F (59-CCAGCAGCCGCGGTAATACG-39) and 800R (59-TAC-CAGGGTATCTAATCC-39) and a PRISM BigDye Terminator v3.1 cycle sequencing kit (Applied Biosystems). This process was carried out at 95 8C for 5 min, followed by cooling on ice for 5 min. Analysis was performed using an ABI Prism 3730XL DNA Analyser (Applied Biosystems). Finally, SeqMan software (DNASTAR) was used to assemble the nearly complete sequence of the 16S rRNA gene. The complete 16S rRNA gene sequence was compared with that of other bacteria using the EzTaxon server (Kim et al., 2012) . Related FASTA sequences were obtained from the GenBank database in order to reconstruct a phylogenetic tree. The MEGA6.06 program was used to align sequences and reconstruct phylogenetic trees (Tamura et al., 2013) . The best-fit model used in this study for neighbour-joining analysis was the Tamura 2-parameter model with gamma-distributed rates plus invariant sites based on the minimum Bayesian information criterion value (gamma parameter50.4 in this study) (Nei & Kumar, 2000) . The reliability of the phylogenetic trees was estimated by bootstrap analysis of 1500 replications (Felsenstein, 1985) .
Fatty acids were extracted from well-grown cells cultivated on tryptic soy broth agar for 3 days at 28 8C. Saponification, methylation, extraction and identification were done according to the methods of the Sherlock Microbial Identification System (MIDI) (Sasser, 1990) . For isoprenoid quinone and polar lipid extraction, cells were grown on LB agar and then freeze-dried. After heating cells in a 2 ml mixture of methanol/water (100 : 10, v/v) containing 0.3 % NaCl at 60-80 8C, the same volume of petroleum ether was added to dissolve quinone. This was then evaporated and dissolved again by using acetone (Minnikin et al., 1984) . The purified quinone components were analysed by HPLC (Hairaishi et al., 1996) . Polar lipids were extracted using a mixture of chloroform/methanol (2 : 1) and then analysed by two-dimensional TLC with different solvents (Komagata & Suzuki, 1987; Minnikin et al., 1984) . Appropriate reagents were used to identify each type of polar lipid by the spots that appeared in a range of colours and positions. Ethanolic molybdophosphoric acid (phosphomolybdic acid reagent, 20 %, w/v, solution in ethanol; Sigma-Aldrich) was used for total lipid profile; ninhydrin for detecting lipids containing amino groups; Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma) for lipids containing phosphorus; Periodate-Schiff reagent for glycerolipids; and a-naphthol for glycolipids.
Purified peptidoglycan extracted from cells according to the method of Schumann (2011) was hydrolysed in 4 M HCl at 100 8C for 40 min for partial hydrolysates and 16 h for total hydrolysates. The pure hydrolysates were developed by different solvent systems and analysed by onedimensional and two-dimensional TLC on cellulose plates using ninhydrin as a reagent to detect amino spots in which L-ornithine, L-lysine, D-glutamic acid and L-alanine were used as amino standard that appeared after heating the plate at 100 8C.
To determine oil degradation, we added gasoline, kerosene and diesel to 10 ml of liquid culture, to a final concentration of 500 p.p.m. each (i.e. 1500 p.p.m. of hydrocarbons added in total), at various pH values ranging from pH 5 to 10 (at one unit intervals) in 50 ml bottles covered with caps. Growth medium contained mineral salts, yeast extract, and peptone. The medium consisted of K 2 HPO 4 (2 g l ). Samples were incubated at a range of temperatures (4, 10, 20, 28 and 37 8C) at 120 r.p.m. for 2 weeks. Oil remaining in the samples was extracted with an equal volume of dichloromethane for 24 h in a shaker and then analysed (Vermeulen, 2007) .
Strain NHI-2 T grew over a large range of temperatures from 22 to 40 8C, with optimal growth between 28 and 30 8C in LB broth. Colonies appeared after 1 day of incubation on agar plates, with pH ranging from pH 7 to 8, and with NaCl concentrations of up to 5 %. Colonies were between 1 and 3 mm in diameter after 5 days of incubation and were yellow, circular, mucoid and convex. Cell size was approximately 2 to 5 mm long and 0.4 to 0.6 mm wide. Catalase and oxidase activities were both positive. Other phenotypic features are described in Table 1. MK-8 was identified as the major quinone (68.7 %), as it is in all other members of the genus Psychrobacillus, along with smaller amounts of MK-6 (31.3 %) (Krishnamurthi et al., 2010) . The polar lipid components of strain NHI-2 T were phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), unknown aminophospholipid (APL) and unknown polar lipid (UL) (Fig. S1 , available in the online Supplementary Material), as reported in other species of the genus Psychrobacillus (Krishnamurthi et al., 2010) . The type of diamino acid in the cell wall of strain NHI-2 T was L-ornithine, as found in other type strains of species of the genus Psychrobacillus, which was proven through one-dimensional and twodimensional TLC (Figs S2 and S3 ).
The major fatty acids identified were anteiso-C 15 : 0 (51.0 %), iso-C 15 : 0 (9.1 %), anteiso-C 17 : 0 (8.0 %), iso-C 14 : 0 (7.5 %), C 16 : 0 v7c alcohol (6.6 %) and iso-C 16 : 0 (6.2 %) ( Table 2 ). The fatty acid components of this strain were similar to those of related strains from the genus Psychrobacillus, but some quantitative differences distinguished strain NHI-2 T from the other reference strains. Specifically, anteiso-C 17 : 0 (8.0 %) showed higher amounts in this strain than in others. Minor components (#5 %) were summed feature 4 (iso-C 17 : 1 I/anteiso-C 17 : 1 B), C 16 : 1 v11c and C 16 : 0 . The composition with respect to other fatty acids is summarized in detail in Table 2 .
The G+C content of genomic DNA of the strain NHI-2 T was 36 mol%, which is similar to the type species of closely related species (Table 1) . Strain NHI-2 T exhibited similar levels of DNA-DNA relatedness to Psychrobacillus psychrodurans DSM 11713 T (63 %), Psychrobacillus insolitus DSM 5 T (62 %) and Psychrobacillus psychrotolerans DSM 11706 T (59 %) (Table S1 ). These similarity values fell between 25 % and 70 %, indicating that strain NHI-2 T was related to the reference strains as a representative of a different species in the same genus. According to 16S rRNA gene sequence similarity, strain NHI-2 T was determined to belong to the genus Psychrobacillus. The 16S rRNA gene sequence similarity of strain NHI-2 T to the three related reference strains was as follows: Psychrobacillus psychrodurans DSM 11713 T (97.86 %), Psychrobacillus insolitus DSM 5 T (97.85 %), and P. psychrotolerans DSM 11706 T (97.7 %). The phylogenetic tree clearly showed that strain NHI-2 T belonged to the Psychrobacillus lineage (Fig. 1) .
The results of polyphasic analyses of phenotypes, chemotypes and genotypes in this study supported the recognition that strain NHI-2 T belongs to the genus Psychrobacillus as a representative of a novel species, named Psychrobacillus soli sp. nov.
As determined in the oil removal experiment, strain NHI-2 T could degrade around 72 % of oil components at an initial oil concentration of 1500 p.p.m., under conditions of pH 8, cell density of 0.005 g ml 21 and 28 8C (Figs 2, 3 and 4). This strain could grow well using oil as an energy and carbon source and, therefore, has a potential role in the removal of pollutants. Further study is needed on the regulation of genes during the degradation of organic contaminants by NHI-2 T .
Description of Psychrobacillus soli sp. nov.
Psychrobacillus soli (so9li. L. gen. n. soli indicating soil as the source of isolation).
Gram-stain-positive, psychrotolerant, strictly aerobic and spore-forming. Growth is optimal on LB at pH 7-8, 0-5 % NaCl and 28-30 uC. The highest temperature tolerated Strain NHI-2 T (5KEMB 9005-135 T 5KACC 18243 T 5 NBRC 110600 T ) was isolated from oil-contaminated topsoil near a fuel station in the city of Ulaanbaatar, Mongolia. The DNA G+C content of the type strain is 36 mol%. 
